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ABSTRACT 

J*? f°T C deP ° SkS ° fB Babariya 0asis are '*&** futures and it is so, 

Eo Z 7, , tbr ° Ugb "'^o" Processes during tnT^^P^: 

Eocene Kars, event Karst depressions and excavated unconformity acted as traps whTetnTes 
^cumulated Iron deposits together with soil products also form surficia, crust (TuZust canJZ 
He1n7,rT ^ ^ ^^oonate roc*, Pyrite frambom^' S£ 
hemattte manganese oxtdes and barite are the essential minerals constituting thTo'res 

Mca e^T^Z ^ OC " erS differe '" ™"> b °'°*< forms of frJ^erZciuZ 

l^^^n^^T^ and microseopic fabrics: '> * 

1. INTRODUCTION 

narrow zone along the main Co™. ""S* '° * 

^morphologic maps and representative lateral and vertical profiles « 
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processes is indicated. The recognition of ore controlling parameters and its mode of genesis are 
important prerequisites for future exploration of new similar occurrences. 

2. GEOLOGICAL ASPECTS AND CLASSIFICATION OF THE ORE DEPOSITS 

The northeastern part of El Bahariya depression is covered mainly by the Early Cenomanian 
Bahariya Formation, followed unconformably by Eocene carbonates. The Bahariya Formation is 
distributed along the main scarp of the depression and constitutes the lower part of Gabal Ghorabi. 
It consists mainly of fluviodeltaic sediments, intercalated towards its upper part by marker 
horizons of ironstones. The Eocene carbonates build up the plateau and include the following 
formations: 



1 able I. Previous Theories Of The Origin Of Kl Bahariya Iron Ore Deposits 



I Syngeneic 



I a: Supergene. 

The ore deposits have been formed contemporaneously with 
the Eocene limestones by surface marine or fresh water in 
either shallow marine or lagoonal lacustrine environments 
during the deposition or by diagenetic replacemen" pro- 
cesses. The source of the iron is of erosion a I „ thus of 
supergene origin, e. g.: 

EL AKKAD and ISSAWI (19631 
SAID and ISSAWI (1964) 
OSMAN (2969) 
KAMEl. (1971) 



II Epigenelic 



D a: Supergene. 

The rc deposits have been formed later than the Eocene 
limestones by stipe rgene solution. The suggested environ- 
ment of deposition is shallow water lacustrine. The ore 
matter was introduced by the leaching of the adjacent 
sedimentary beds, e.g.: 

BAl.l. and BEADNEI.1. 1 1 TO) Li. SHARKAWl and KHAI.IL 119") 

HUME (1909) KHAL1L(I984) 

ATT1A (1950) El SHARKAWl ct. al (1984). 

El SHAZI.Y (1962) 

Tosson and SAAD (1974). 



1 b: Hypogene. 

The ore deposits have been formed contemporaneously with 
the Eocene limestones. The ore matter is of hypogene — 
h yd rot hernial origin and oecumuiated by replacement pro- 
cesses during the diogenesis of the host rocks in either 
lacustrine or morine environments, e.g.: 

EL SHAZLY (1959) 
A WAD et.a! (1980) 
Agthe " (1985) 



fl b: Hypogene. 

Tne ore deposit is of later origin than the Eocene car- 
bonates. 

The ore minerals have been formed during replacement by 
gydrot hernial soultion rose from unknown depth with or 
without relations with volcanic activities, e.g.: 

GHE1TH (1955 and 1959) 

Nakhla (1961) TOSSON and SAAD ( 1 974) 

AMER (1968 and 1973) AWAD et. al (1980) 

BASTA and AMER b.c&d) EL SHARKAWl et. al (1984) 
OSMAN (1969) 
KAMEL (1971). 



Other possibilities of multigenetic combinations of two or more of these modes of oriqin are also proposed, e.g.: 
It a + II b : TOSSON and SAAD (1974) and EL SHARKAWl et. al (1984) 
I b + 11 b : AWAD el. al (1980). 
1 a + 11 b : KAMEL (1971). 
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formation age „ tilology 

El Hamra Late Middle to fossiliferous limestones, sandy and glauconhic with inter- 
Late Eocene calations of clays and sandstones. 

Qazzun Late Middle Spheroidaly weathered, white, silicified limestones and 

fcocene dolostones. 

Naqh Early Middle Pink to violet, brecciated, cavemeous, silicifted limestones, 

nocene dolostones and dedolomite. 

Traces of highly weathered basalt (OUgocene-Miocene!?) occur at Qaret El Bahr, east of El 
Gtdtda mine, yet no thermal effects related to these volcanic rocks are observed. The reiidual knd 
forms of tms area are covered by playa deposits, alluvial sediments and sand duneTof^SS 

shJlfl^^Hn^'V 8 ! s , tmCtUral,y hi8h feature ' devdoped alon « stable-unstable 
shelf contact of Said (1962) or the Pelusium Line of Neev (1975 and 1977) It forms a oart of thl 

major swell system extending from Farafra Oasis to Abu Roash area, n Ji££ Th Zl ^l 

tuntl e entente of th* area are NE and E-W trending folds and NE, NW, E-W and nS fauTts 

alonltn! ^ ^ mi ° n " etWeen the adjaCCnt Central and No "h«^ African Plates 

,.„l he ""f"* 1 Eoc j ene rocks of the P'^eau have been subjected to intensive deep weathering nro 
cesses under humtd to subhumid tropical paleoclimate, resulting in the formation o7 ™af Zl 

ZZftt^nxT* wit , r fac f ^ subsurfaee 

S™™,^, * x a , L 1987) - The 8 eneral k ar*t landscape is interrupted by three large scale 
° h0 f rab !- NasSCT : E1 Ha «* a » d EI Gidiua. The karst products are delayed W 
sdcrete, ferncrete and calcrete duricrusts and intra-karstic calstic, chemfcal and bW 
Oltocen P^ »as mainly generated during the humid to subhumid climate of the 

£ ITr?* I f ° CenC (?) " nd m0St pr0bab,y modifled even rejuvenated during the rafav 
Ztftt^fiX^ 

ZZT Z < ! ro ° kS Were obIltcrate d- Spheroidal weathering and formation of cor 
estones dtssolutton brecciadon, diffusion processes and formation of <%i«» 
dedolommzatton, silicification, concentration of Fe and Mn oxides and hvdrox^fl,, T^' 
cementation and deposition of evaporitic minerals are the mLa£„^ ^tJZtZ 
vadose and phreatic conditions of the kars, environment (El Aref e. al. 1987 ^ Lot v 1988 Tn! 
dedolommzation has phtyed a significant role in the alteration of ^olostonTfades o the N^b 
Format™ (consisting mainly of ferroan dolomite), consequently to the prodloTof msfy 
SLT te ~" WWCh reSP °" Sibk fOT the ^ '"violet coloura"^ 

foS^d^ 

1. Filling iron type and iron duricrust of Ghorabi-Nasser area 

a) Filling iron type of excavated unconformity (Naqb Ghorabi) 

b) Iron duricrust (Gabal Ghorabi) 

c) Filling ore type of intermontane basin (Nasser locality) 

2 ' lo S caltyr Und t0 Stratif ° rm ir ° n 0XidC ° r hydr ° Xide C ° nfmed t0 lakC Sediments < E1 Ha ™ 
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3. Filling ore type of large scale depression (El Gidida mine). 

3. DESCRIPTIONS OF THE IRON OCCURRENCES 
3.1, The Iron Ore Deposits Of Ghorabi-Nasser Area 

As shown in Figure 2, Ghorabi-Nasser area represents a semicircular, large depression, sur- 
rounded by the karstified rocks of the plateau and connected southwestwards to the main depres- 
sion of El Bahariya. It could be considered as a doline form that resulted during the retreat of the 
main scarp, by the denudation of the crest and limbs of Ghorabi anticline, trending NE and plung- 
ing to the N The core of this depression is occupied by a group of discrete inselbergs of Gabal 
Ghorabi, rising abruptly from the surrounding low land. This may indicate intense excavation 
along the flanks of the anticline, leaving the inselbergs as relicts. 

An elongate intermontane basin or karst marginal plain (Jakus 1977), about 400 m wide and 3.5 
km long, is developed at the northern part of the depression. It is bounded to the N by karst cones 
and to the S by an uprised elongate ridge. This basin is initially of tectonic origin, as it represents a 
graben developed between two parallel E-W faults. (Fig. 2). Towards the doline, the karstified 
carbonates show a remarkable reduction in thickness and become highly peneplained. They form 
stepped karst escarpments, diminshing gradually towards the depression, with peneplained sur- 
faces, dominated by morphogenetic karren solution features. Naqb Ghorabi is a narrow wadi, cut- 
ting across the plateau and slopes gently in the direction of the depression. 

3.1.1. Filling iron type of excavated unconformity surface (Naqb Ghorabi) 

The Bahariya Formation and the karstified carbonates of the Naqb Formation constitute the 
rocks cropping out in this locality. These formations are separated by a surface of unconformity, 
up to 4 m in thickness, (PI. I, Fig. a). The Eocene carbonates are highly affected by dissolution, 
brecciation, silicification and dedolomitization processes, the effect of which increase gradually 
towards the unconformity and the exposed surfaces. The crests of the karst cones of these rocks are 
mantled by silcrete, whereas the cone hill slopes and the surrounding peneplained surface are 
covered by "t'er-ra^tssa*-.* The surface of the unconformity is filled mainly with variable propor- 
tions of collapse breccia fragments, together with residual sediments, chemical and organic pro- 
ducts (PL I, Fig. a). The breccia fragments are derived mostly from the Naqb Formation and ap- 
pear to be associated with bedding, controlled sag fissures, passing through crackle breccia into 
network solution fissures and cracks in the overlaying carbonate rocks. This indicates karst activity 
along the weak plane of the unconformity, coniciding with the relatively impermeable beds 
underlying it. The collapse fragments are either encrusted by crustified iron minerals (botryoidal 
goethite and hematite), calcite and quartz, or embedded in partially consolidated ocherous\ 
sediments rich in fine intraclasts, skeletal fragments and organic remains (algal oncolites and 
cellular plant debris). The algal oncolites consist of concentric laminae of iron stained micrite 
growing around, soft rotten material or even without any preceptible nucleus. The interior parts of 
the oncolites and the cell walls, intercellular and intracellular spaces of the plant remains are par- 
tially replaced by oxidized minute pyrite crystals, pyrite framboids, and siderite (PI. I, Figs. b,c and 
d). The ferruginated allochems are usually cemented by crustified goethite artd/or hematite, 
followed by mosaic calcite and quartz. Orthosparitic caicite showing idiomorphic termination 
towards the pore spaces or forming crustified layers of calcrete type are commonly developed 
above the external surfaces of the megascopic, iron crusts. The remaining space left behind these 
calcite forms may be filled with quartz, length slow chalcedony, gypsum and anhydrite. 
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3,1.2. Deep weathering profile (duricrust profile) of Ghorabi inselbergs 

This profile forms a distinctive morphogenetic marker capping the summits of the residual in- 
selbergs of Gabal Ghorabi and the surrounding scarp (Fig. 2). It attains up to 13 m above the'large 
inselbergs and is much reduced or generally missing above smaller ones. It occurs directly above the 
Bahariya Formation, suggesting that the denudation in this locality extended down until the 
Cretaceous-Eocene unconformity. 

Two main horizons are recognized in this profile, an upper indurated horizon, overlaying highly 
subdued and altered rocks (Fig. 3). The latter, 9m thick, consists along its upper part of destructed 
and buried pavements, embedded in ocherous clayey sediments or encrusted by crustified iron ox- 
ides. These materials pass downward into highly altered limestones, diversified by karst solution 
features of different forms and diameters. The incipient stage of dissolution shows solutuion joints 
of network pattern and small cavities. Progressive widening of the solution joints led to the forma- 
tion of vertical and inclined large scale solution channels and caves, filled with soil products and 
iron ore. These solution forms appear to be developed during surface water infilteration into ver- 
tical and inclined joints, connected with lateral subsurface passages or openings. Gradual detach- 
ment of the weathered limestones forms collapse breccia, which may sink down into softer 
ocherous kaolinitic sediments inside the solution forms. Degradation of the large scale soultion 
features, resulting in the formation of large breccia bodies is commonly observed. The intact rocks 
include highly silicified and ferruginated limestones composed of ferruginated skeletal fragments 
and peJloids, cemented by cryptocrystalline to microcrystalline quartz aggregates. The quartz ce- 
ment includes numerous red stained filaments, probably of organic origin. Towards the intervening 
solution channels and caves, the intact rocks become crackled and brecciated and change gradually 
into earthy masses of rottenstone. These form selvages along the walls of the solution features or 
concentric zones around large scale collapse breccia fragments, indicating that the alteration was 
brought about by circulating water (PI. I, Fig. e). The infilling karst products include: I) collapse 
breccia; ,2) lenses of red kaoUninic shale, ochers, black muddy materials, siltstone and sandstone. 
These are of variable thicknesses and lengths, but generally of horizontal attitude. The shales and 
ochers grade laterally and vertically into iron pisolites or oxidized algal oncolites (PI. I, Fig. f): 3) 
oxidized plant tissues and stromatactis algal filaments (PL I, Figs, g and h); 4^ small nodules and 
irregular clots of oxidized pyrite framboids or siderite (PL I, Fig. i) and, 5) concentric spheroids of 
botryoidal goethite, hematite or pyrolusite (PL II. Fig. a). The cement of these materials consists of 
cryptocrystalline quartz aggregates, crustified calcite and crustified iron oxides with or without 
idiomorphic barite crystals and gypsum. The crustified iron oxides are the most predominant type 
of cement, being composed of rhythmic alternation of yellow soft and brown hard layers, up to 10 
cm in thickness. The yellow layers consist of ochers and kaolinite with oxidized pyrite framboids, 
siderite and detritus silty quartz grains. The hard brown layers are made up of successive crusts of 
colloform goethite and hematite with or without manganese oxides or hydroxides. These rhythmic 
layers are commonly developed around collapse breccia, forming cockade structure or along the 
walls of the solution forms (PL II. Fig. b). They may form continuous irregular and folded bands 
of different thicknesses within the available large scale solution channels or cavities. 

The indurated upper horizon consists of successive thin layers of different compositions and tex- 
tures (Fig. 3), terminated by quartzite or crustified layers of chert (silcrete). It forms a hard cap> up 
to 2 m thick, at the tops of the high and large inselbergs, preserving the underlying weathered 
rocks. In some places, this horizon is generally missing or is only represented by accumulation of 
rubbles mixed with detrital fragments of crustified iron oxides, calcrete, chert and barite. The con- 
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tact between the upper and lower horizons of the weathering profile is gradational. It is manifested 
by disintegrated carbonate fragments, encrusted by sesquioxides of iron and manganese with clay, 
passing upwards into crustified banded ore with discrete iron concretions and nodules of calcrete 
(PI. II, Fig. c). Light laminae consisting of barite, chalcedony and blocky calcite are intercalated 
with the iron bands. Barite crystals grow progressively on the outer surfaces of earlier iron bands 
and exhibit idiomorphic termination towards the succeeding bands. The remaining space between 
the idiotopic barite crystal is usually filled with blocky calcite. Calcite may also form stalactites, 
growing within the available empty space between the iron bands, or successive concentric layers of 
calcrete type, cementing fragments of crustified ore or iron concretions (Pi. II, Figs, d and e). 
Pyrite framboids are frequently distributed within the iron rich bands and represent the main ce- 
ment of the subsequent layers, i.e., the iron pisolites, barite breccia, laminated sandstone and ear- 
thy materials (PL II, Fig. f). Plant remains are also enclosed within the sediments of this horizon. 

3.1.3. Filling ore type of intermoatane basia (Nasser locality) 

The iron deposits of Nasser locality are confined to the intermontane basin (Karst marginal 
plain) or form ferricrete duricrust covering the uprised elongate ridge (Fig. 2). The ore is of len- 
ticular form with variable thicknesses, ranging from 1 to 25m. It's lower surface is extremely ir- 
regular and extends down to the clastic rocks of the Bahariya Formation, where isolated masses of 
this formation are enclosed within the ore. Block, boulder and pebble sized Eocene carbonate 
fragments are also embedded within the ore. The ore exhibits well developed banded and laminated 
structure, consisting of rhythmically alternating yellow and dark brown bands, ranging in thickness 
from 1 to 12 cm. The bands are generally regular, mostly with well defined contacts or are occa- 
sionally deformed, forming contorted or twisted layered structure, overturned and folded bedding. 
They may be symmetrically deposited all-around altered limestone fragments or rotten materials 
(PL II, Fig. g). The individual bands may consist of successive thin laminae of different shades of 
yellow or brown. The yellow bands or laminae consist of ocherous materials, whereas the dark 
bands are made up of oxidized framboidal pyrite, minute pyrite crystals and siderite, together with 
quartz grains of silt size. The cement of these constituents is colloform goethite with or without 
hematite. Younger generation or reniform goethie and/or stalactiforms or dendrites of manganese 
oxides are frequently deposited within spaces between the convoluted rhythmic bands. Irregular 
masses or small lenticles of yellow ochers and iron pisolites are also embedded within the banded 
ore. The ore and the associated ochers are highly intersected by veinlets of calcite, gypsum and 
halite. 

3.2. Strata-Bound To Stratiform Iron Oxide And Hydroxide Confined To Lake Sediments (El 
Harm Locality). 

El Harra area is covered by clastic rocks and associated ironstones of the Bahariya Formation, 
karstified rocks of theNaqb Formation, lake sediments and Quaternary deposits (Fig. 4). It is 
traversed by a major asymmetrical plunging anticline, trending NE-SW and sets of NE-SW, NW- 
SE and E-W trending faults, resulting in the formation of dislocated fault blocks along the main 
scarp of El Bahariya depression. The deposit at Wadi El Harra, consists of an oval outcrop of lake 
sediments, resting unconformably on the ironstones of the Bahariya Formation (PL II, Fig. h). 
These sediments fill a depression up to 15 km 2 , developed along the western flank of the anticline, 
and bound to the N and NE by degraded karst cones with stepped escarpments and to the S and W 
by the fault blocks of the main scarp (Figs. 5 and 6). The lake sediments attain up to 15m thick 



6 



M.M.EL AREF AND Z.H.LOTFY 



along Wadi El Harra. Marginwards the thickness of these sediments is highly reduced (Kg. 6). Two 
main successive sedimentary sequences are observed in the lake deposits (Fig. 7). The contact bet- 
ween them is usually irregular, and marked by scour and fill structure with prominent gravel filled 
channels. The different sedimentary facies of the lake sediments show wedging and intertonguing 
relationships, especially towards the lake margins. The lithofacies associations of the lower se- 
quence are interpreted as basin plain sediments, as they are predominantly composed ofcoarsing 
upward bed-load elastics mixed with suspended sediments. These are affected by occasional 
bioturbation, slumping and winnowing. Stratified concretions or bands of iron, calcrete nodules 
and limestone fragments (boulder size) of the Naqb Formation are commonly encountered within 
the sediments of this sequence. Goethite (either in an earthy form or as pseudomorphs after fram- 
boidal pyrite) followed by calcitized moss tufa, gravity, stalactitic and isopacheous sparry calcite 
are the main cements of these sediments. The upper sequence of the lake sediments includes fining 
upward successions of limestone conglomerate, siltstone and calcareous mud together with skeletal 
debris of Nummulites and Ostrea multicostata. The framework fragments are cemented by drusy, 
blocky and granular calcite. Calcite algal tufa, in the form of branched thin threads encrusted by 
zoned sparry calcite are common. The sediments of this sequence indicate that they were derived 
from the carbonate rocks of the plateau, exposed at the time the topography was formed, through a 
prolonged period of weathering and transportation. They represent channel sediments laid down 
during torrential and fluvial stages. 

It should be pointed out here that the main economic iron bands of this locality, which are 
recorded in the stratigraphic profiles of El Akkad and Issawi (1963), actually belong to the 
ironstones of the Bahariya Formation. In the course of the present work, special attention is given 
to the iron deposits confined to the described lake sediments. The megascopic geometric patterns of 
this iron type are illustrated and described in Figure 8. Microscopically, the concentric layers of the 
concretions consist mainly of organic rich clays, detrital quartz grains and goethite, with less 
abundant hematite and pyrolusite. Goethite forms colloform growth banding and lamination with 
radial crystals growing on the growth surfaces. It may include patches of earthy hematite and 
quartz grains. Repeated concentric layers of colloform goethite and hematite are also observed. 
Veinlets of well crystallizing pyrolusite may cut across the colloform layers. Zoned sparry calcite 
fill the spaces between the concentric layers or the fractures cutting across the iron concretions and 
bands. 

3.3. Filling Ore Type Of Large Scale Depression (El Gidida Mine) 

El Gidida mine area is an oval-shaped depression, up to 15km 2 , situated within the degraded 
karst cone hills of the Naqb Formation (Fig. 9). The central part of the depression is charactrized 
by a high relief, upon which conspicuous hills are scattered. The highest is Lyon's hill, up to 254,5 
m above sea level and 42 m above the plateau surface of the high central area. These hills consist of 
highly silicified nummulitic limestone of the Naqb Formation, passing upward to a very hard crust 
of silcrete. The high central area and the associated relict hills are surrounded by the low wadi area, 
up to 198 m above sea level. Some hillocks of silcrete stand on the floor of the northern part of the 
depression. With exception of the conspicuous hills, the high central area and the wadi area are 
composed mainly of iron ore deposits, unconformably overlaying the Bahariya Formation (Fig. 
10). The main structural elements of this area are the major anticline of El Gidida, affecting the 
Bahariya Formation, striking NE-SW and plunging to the NE and, normal major faults, trending 
NE-SW, N-S, and NW-SE. The NE-SW faults intersect the Naqb Formation along the western 
scarp of the depression and the ore body, with vertical displacements ranging between 3 and 25 m. 
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the faults brought the Bahariya Formation against the ore of the wadi area and are dislocated by 
the NW-SE faults. These major faults may be related to the tectonic phase that prevailed at the end 
of the Ofigocene, activating old structures (El Akkad and Issawi 1963; Basta and Amer 1969 a, b 
and Saad 1979). The ores and the associated overburden are commonly dissected by minor faults 
arid fissures, striking NE-SW, NW-SE and E-W, with vertical displacements up to 2 m. The ore 
frequently exhibits slickensides and different generations of reworking. 

El Gidida depression is obviously of structurally controlled karst origin, as it is situated along the 
anticlinal fold and appears to be formed by the denudation of the Eocene carbonates covering the 
crest andjiinbs of the anticline. This is clearly evidenced by the development of the residual hills in 
the high central area, which are similar in composition and form to those chara cterizing the sur- 
rounding karstic plateau, and the abundant distribution of corestones, collapse breccia fragments 
and weathering products within the ore layers. The morphology of the depression seems also to be 
controlled by the paleotopography of the Bahariya Formation, as the high elevations of this for- 
mation are recorded in the central part of the depression, whereas it attains low relief in the wadi 
area (Fig. 10). 

The sediments of the wadi area consist of two horizons* an upper, including the overburden, and 
a lower, consisting of the iron ore (Fig. 10), The contact between the two horizons is gradational 
and is marked by scour and fill structure. The overburden, up to 40 m thick, is made up of 
rhythmic layers of ferruginated and alunitized glauconitic clay and sand, alunite, yellow ochers and 
separated or aggregated iron concretions. These concretions may form bands of variable 
thicknesses and often have a core of earthy hematite and limonite, surrounded by thin layers of 
colioform goethite, glauconite and alunite. These layered sediments are occasionally undulated and 
slumped or may sink deeply to orintertongue laterally with the sediments of the underlying ore 
horizon The lower ore horizon, up to 38 m thick, is heterogeneous in character, exhibiting varia- 
tion in composition, reflected by different colours, textures and degree of hardness. It consists of 
mixed stratified layers or lenses of variable thicknesses and lengths. The layers and lenses are 
generally of horizontal patterns, but sometimes slightly tilted, undulated and slumped. This ore 
horizon consists of the following: 1) varicoloured layers or lenses of ochers, showing gradual tran- 
sitions to dark brown and massive hematitic ore, iron pisolites or crustified iron oxides. Small len- 
ticular bodies of alunitized glauconitic sand or red stained kaolinite are commonly embedded 
within ochers (PI. Ill, Fig. a); 2) connected or disconnected iron concretions, up to 30 cm in 
diameter, concordant with the bedding planes of the host sediments. Gradual coalescence of the 
concretions form symmetrical crustified bands and laminae; 3) cockade ore, consisting of suc- 
cessive rhythmic crusts of ocher, colioform goethite and hematite, developing around collapse 
breccia or rotten materials; 4) layers or lenses of ferruginated sandstone, siltstone and black shale, 
intercalated with earthy iron and manganese oxides. The binding materials of the sandstone and 
siltstone are oxidized minute pyrite crystals, pyrite framboids and calcite. The black shales also in- 
clude abundant pyrite framboids and black organic remains; 5) layers or lenses of earthy 
manganese oxides or hydroxides, grading into manganese pisolites or concretions; 6) isolated len- 
ticular masses of alunite or tripoli. The tripoli consists of powdery siliceous material with small 
fragments of silicified limestone, and 7) spherical corestones with silicified limestone and chert 
fragments embedded within the aforesaid sediments (PI. III. Fig. b). They are usually arranged 
along several levels, conformable with the bedding planes of the layered host sediments. The cor- 
estones, up to 1 .5 m in diameter, consist of highly silicified nummulitic limestone, similar to that of 
the karstic plateau, as a result of spheroidal weathering. The silicified limestone fragments are of 
boulder, cobble, pebble sizes, subangular to subrounded and mainly belong to the Naqb and Qaz- 
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zun formation (PI. Ill, Fig. c). These mixed layers of the ore horizon may show convolute bedding 
cut and fill, geopetal and load structures. The load structure is formed due to the gravititional 
sinking of the corestones and limestone and chert fragments into, and depressing the underlying 
sediments. The sediments of the ore horizon also include discrete pockets of native sulphur, ox- 
idized algal f, foments, plant rootlets and tissues. Veinlets of gypsum and halite commonly intersect 
the different layers or lenses of this horizon. 

The ores of the high central area, up to 1 6 m in thickness, also are of heterogeneous character as 
they consist mainly of stratified iron rich layers intercalated with lenses or layers of ochers fer- 
rugmated sandstone, siltstone and kaolinitic clays (Fig. 10). Collapse breccia fragments, lenses of 
barite and oxidized organic remains (algal filaments and plant tissues) are enclosed within these 
layers. Salt crusts, up to several centimeters in thickness, are frequently deposited on the flat top- 
ped surface of the high central area. The iron rich layers exhibit the following megascopic and 
microscopic fabrics: 

1) banded or laminated texture, consisting of successive deposition of hard colloform or earthy 
goethite with or without hematite and softer ocherous clayey materials. The bands or laminae range 
between 1 to 20 cm in thickness and may extend for several meters in length, with lateral gradation 
into ochers, iron concretions or crustified ore. They may include oxidized framboidal pyrite and 
sidente surrounded by colloform goethite or hematite; 2) crustified banded texture (PI. Ill Fig d) 
forming symmetrical concentric overgrowths of colloform goethite, lepidocrocite, hematite and 
pyrolusite or consists of rhythmic crusts of earthy goethite and clayey sediments (PI. Ill, Figs, e and 
f); 3) stratified isolated lenses of red earthy hematite set in yellow ochers; 4) convolute bedding and 
lamination, developed within undisturbed banded or laminated ore; 5) cockade structure, showing 
successive deposition of iron rich crusts around collapse breccia or ocherous sediments- 6) stratified 
arranged iron concretions, embedded wjthin ochers; 7) pisolitic structure, and 8) comb structure 
showing growth termination of needle shaped goethite, hematite, barite or calcite inside the re' 
maining space left behind the iron crusts (PI. Ill, Fig. g). The sandstones intercalated with the iron 
rich layers consist of subangular to subrounded quartz grains cemented by pyrite framboids col- 
loform goethite, barite and calcite (PI. Ill, Fig. h). The quartz grains are highly shattered and 
cracked, indicating diurnal variation in temperature between day and night. The barite crystals are 
xenomorphic towards the framboids and goethite and show idiomorphic outlines against the calcite 
(PI. Ill, Fig. i). Younger generation of goethite, filling cross cutting fractures is observed. 

4. GENETIC DISCUSSIONS AND MODE OF ORE FORMATION 

The landform evolution of the northeastern plateau of El Bahariya Oasis has proceeded from the 
youth and mature stages of'paleokarst up to the peneplanation stage, under humid tropical 
paleoclimate. The karstification caused the Eocene carbonates to undergo slow chemical and 
physical transformations into soil. The various related duricrusts, so formed, indicate that the 
pa leokarst has reached it's seniie stage. The studied iron deposits are found to be mostly associated 
with karst features and soil products. They were accumulated on the tops of residual high lands or 
within excavated unconformity surface and karst depressions. The iron minerals together with the 
associated soiiy materials in aU sites exhibit well pronounced depositional and diagenetic textures 
corresponding to the typical sedimentary ore fabrics (Amstutz, 1963 and Schulz, 1976), and exactly 
identical to the textures of karst deposits and laterites (Bernard 1976; Padalino et a!., 1976; Zuf- 
fardi 1976; El Aref and Amstutz 1983; Dzulynski and Sass Gustkiewicz 1985; EI Aref et al 1986- El 
Aref et al. 1987, Guilbert and Park 1986). ' 
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At Naqb Ghorabi, the occurrence, composition and character of the collapse breccia, together 
with the associated residual, biogenic and chemical products are good indications of karst ativity, 
that acted upon the Cretaceous-Eocene unconformity. The developed framboidal pyrite and 
siderite and their conformable relation with organic remains assure that biogenic processes were 
effective during the karstification and favourable reducing anaerobic conditions prevailed during 
the early lithification stage of the infilling karst sediments. The oxidation of the early formed 
framboids and siderite and the subsequent formation of colloform goethite, calcite, quartz and 
gypsum, suggest diagenetic crystallization differentiation from colloidal soil solution, controlled by 
changes in the physico-chemical conditions of soil environment and the concentration and solubili- 
ty of the elements, as a result of oscillation of the water table and/or local biogenic processes. 

The iron deposits of Ghorabi inselbergs form a conspicuous deep weathering or duricrust profile 
corresponding to the typical laterite profile. The difference between the recognized two horizons of 
this profile is related to the increase in the maturity of weathering and the geochemical behaviour 
and degree of mobility of the constituent elements during the pedogenesis. There is general agree- 
ment among many authors, that w»twpimLclimate and under the effect of acidic organic com- 
pounds, all the mineral matter released near the surface are leached downword and eventually ac- 
cumulate in the "B" horizon during i^m^^^^s and are partly transported to the lower 
"C" horizon (e.g. Bear 1967; Oilier 1975; Lelong et al. 1976; Smirnov 1976; Greensmith 1978; 
Bradshaw 1979; Birkeland 1984; Fitzpatrik 1986; and Zonn 1986). This can explain the concentra- 
tion of the concretionary iron rich layers along the lower part of the upper indurated horizon. On 
the other hand, the concentration of ochers and the encrustation character of the iron oxides within 
the disintegrated lower horizon, together with the developed selvages of rottenstone indicate 
residual accumulation accompanied with seasonal change of the soil moisture, whereas the col- 
loform character of goethite and hematite represents diagenetic crystallization from colloidal soil 
e solution under favourable acidic to neutral conditions; Thjg*colloidal character of the soil solution 
is also evidenced by the development of isolated iron or manganese nodules and pisolites. Due to 
intensive rainfall, the lower soil layers are usually saturated with water and reducing environments 
prevail. This is clearly manifested by the abundant distribution of biogenic pyrite framboids and 
siderite. The rhythmic crustification character of the iron oxide or hydroxide and the oxidation of 
the early formed iron sulfide and carbonate reflect fluctuation between reducing and oxidizing 
conditions. Under the leaching regimes, solutions are highly diluted and Si is leached as easily as 
basis, while relatively immobile Fe and Al accumulate. On the other hand, under tropical but less 
intensively leaching conditions, solutions are not so highly diluted and Si is not released so easily. A 
part of it combines with Al to give Kaolinite and Fe continues to assume the hydroxide or oxide 
forms (Lelong 1976). Ca and Mg are released during the disolution of the carbonates and form 
compounds that are comparatively easily soluble in the zone of oxidation. They are therefore 
leached out of the weathering profile. Some of their compounds infiltrate in solution to the lower 
zones of mantle of waste, leading to redeposition of secondary carbonate cement. During the dry 
seasons, groundwater is drawn towards the surface, and CaC0 3 can precipitate in the form of 
calcrete nodules, stalactites or late cement. Due to very arid conditions soil waters move upward, 
causing precipitation of silica at the top of the weathering profile as cement or silcrete cover 
(quartzite or cherty layers). Also under the influence of a high local or regional water table, salts 
can accumulate. The rhythmic alternation between barite laminae and iron rich layers in the 
crustified iron type, the idiomorphic termination of the barite crystals towards the successive iron 
layers and their brecciation and recementation by iron minerals can be related to seasonal 
evapotranspiration and deposition under the influence of seasonal fluctuation of the water table. 
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The accumulation of ore deposits in the karst marginal plain of Nasser locality, their compostion, 
and synsedimentary fabrics argue for the role of weathering in their formation. Iron seems to be 
introduced by the weathering of the plateau or stripping and removal of the neighbouring mantles 
of waste, mainly as mechanical suspensions or in mobile form and was carried down into this basin, 
where deposition and diagenesis took place. 

The iron oxides occurring within the lake sediments of El Harra area show typical stratiform 
geometric patterns, which imply syndepositional and diagenetic structures. The occurrence of 
botryoidal calcite in the cores of the concretions indicates rapid growth under vadose condition 
along the exposed surfaces of the sediments. The fracturing of the concretions suggest subaqueous 
shrinkage during drying out periods, followed by the crystallization of late diagenetic sparry 
calcite. Thus, the stratiform distribution of the iron concretions and bands represents marker 
horizons denoting air-water interfaces, interrupting the accumulation of the basin plain lake 
sediments. 

In El Gidida mine area, the ore accumulated within large scale karst depression. A combination 
of surface and subsurface solution actions appear to be the main agents responsible for the excava- 
tion of this depression. Surface denudation is indicated by the presence of residual cone hills in the 
high central area and the abundant distribution of rounded boulders of silicifed limestone (cor- 
estones) within the ore of the wadi area. The occurrence of collapse breccia fragments, derived 
from the residual hills and embedded within the ore of the high central area proves subsurface 
solution action along the unconformity surface between the Eocene carbonates and the underlying 
Bahariya Formation. The composition and fabric of the ore minerals and associated weathering 
products argue for lateritic origin, during processes of residual deposition and diagenesis. The 
geochemical behaviour of the constituent elements during the pedogenesis is suggested to be 
responsible for the distribution of the different lithologic units throughout the depression. Al is 
only slightly mobile under common surface weathering conditions and it tends to accumulate as 
kaolinite or bauxite minerals. In the low pH (pH<4), Al is more soluble than Fe, when the en- 
vironment is oxidizing enough (Norton 1973). Therefore some dissociation of both elements is 
possible, Al being relatively leached in the superficial acid and well aerated layers of the soil pro- 
files, before being redeposited in deeper horizons or further away laterally and is generally 
recognized as moving further than Fe (Duchaufour 1968). This may explain the concentration of 
alunite in the wadi area. The intercalations between the alunite and iron rich bands or lenses in the 
lower horizon of the wadi area indicate periodical changes in the Eh and pH conditions of the en- 
vironment, which in turn reflects variation of the soil moisture. The concentration of Mn oxides or 
hydroxides in the wadi area is attributed to the geochemical behaviour of Mn during lateritization. 
The Mn behavior is controlled by the influence of the associated elements particularly Fe, or by its 
own chemical properties (Lelong et al. 1976). The Mn oxidation is much slower than Fe, when the 
redox potential exceeds 0.6 V in the presence of oxygen and Mn can migrate (Lelong et al. op. cit.). 
The mobility of the Mn in soils leads to a great tendency for it to move downwards from the 
relatively acidic upper parts of the soil profiles to lower parts, leaving behined Fe rich oxides 
and/or hydroxides (Sivapraksh 1980; Roy 1981 and Maynard 1983). The iron is solube as simple 
terrous form or as organic sulphates and hydroxide complex in acid reducing water (Hem and 
Cropper 1959 and Osborn and Hem 1961). The accumulation of iron as ocher indicates residual 
concentration from suspension, whereas the formation of hard crusts or bands of colloform 
goethite and hematite represents diagenetic crystallization from colloidal or supersaturated pore 
soil solution. The development of silcrete cover and the silicification of the residual high hills can 
be related to the tendency of Si to migrate upwards through evapotranspiration processes and 
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redeposition under arid to semiarid regime. The formation of salts as surficial crusts or inter- 
catlated pockets and stratified lenses of barite in the high central area reflect diminishing soil 
moisture due to oscillations in the water table level. Changes in soil moisture are also indicated by 
the shattering of quartz grains of the intercalated ferruginated sandstone lenses, and cementation 
of the shattered particles by pyrite framboids, colloform goethite barite and calcite. The late 
cementation of the lateritic materials by calcite reflects a decrease in the C0 2 partial pressure below 
the zone of rooting and a progressive increase in concentration of Ca + + and HCO," in the soil solu- 
tion as the water percolates downwards or is lost by evapotranspiration. The effect of biological 
processes during the pedeogenesis in this area is indicated by the formation of pyrite framboids and 
native sulfur and abundant distribution of plant remains and algal filaments throughout the ore 
body. 

5. GENERAL CONCLUSIONS AND RECOMMENDATIONS 

The present work summarises the results of field, megascopic and microscopic investigations 
carried out on the iron ore deposits of El Bahariya depression. The allover close correlation bet- 
ween karst landforms and features and the occurrences of the ore deposits elucidates the role of the 
paleotopgraphy, paleoclimate and pedogenic processes in the accumulation of these deposits. The 
different mineralized sites show similar geologic, geometric and mineralogical features, which led 
to their grouping as lateritic iron deposits. The existence of a series of syndepositional and syn- 
diagenetic textures, observed in ore minerals and other karst products favours that they are a result 
of pedogenesis involoved during the senile stage of the karst. The changes in the soil moisture and 
physico-chemical conditions of the soil environment together with biogenic processes played an 
important role in leaching, transportation and redeposition of the iron minerals and associated 
materials. The lateritic deposits of El Bahariya can be correlated with the typical lateritic iron ores 
related to karstification and recorded in several localities in the world, e.g. Cuba and India 
(Guilbert and Park 1986), North Urals and West Orsk (Smiraov 1976) and Smirnov et al. 1983); 
Fluminimaggiore, Sardinia, Italy (Padalino et al. 1976); Brazil (Vann 1963); Philippines (Santos- 
Ynigo 1952); Queensland (Connah and Hubble 1960); North and Central Australia (Wright 1963 
and Mabbutt 1965); South Africa (Maud 1968); Jamaica (Hill 1955); Nigeria (Dowling 1966) and 
Sudan (Faniran 1968 and Thomas 1974). Iron deposits of karst origin are also present in Gabal Abu 
Ghorban, Red Sea coastal zone, Egypt (El Araf et al. 1986). 

In light of the present study and the forementioned discussion some main topics are suggested for 
further detailed investigations. The evolution of the karst landforms and the associated karst 
sediments should be systematically studied on regional scale, going from megascopic to 
microscopic features. This will enable us to determine the exact age of karstification and the related 
laterites and follow its evolution and modification in the subsequent paleoclimatic periods. It is 
also worthmentioning that the effect of karst processes and the formation of lateritic karst pro- 
ducts have to be highly considered in the study and classification of the exposed carbonate units of 

the neighbouring regions with correlatable setting and conditions. Detailed geochemical studies us- 
ing major and trace elements analyses of the lateritic profiles of each ore locality, are required to 
give more conclusive information about the mechanism of pedogenesis and the geochemical 
behaviour of elements involved during lateritization. 

It is also recommended that the proposed genetic models of the iron deposits should be con- 
sidered in further future exploration for other occurrences of ore in the surrounding areas, 
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especially those covered by the karstified Naqb Formation, using the landforms (high lands and 
depressions) and karst products as indicative guides. Thus the authors suggest that the most pro- 
missing area for iron ore exploration lies in the northeastern part of the Bahariya depression, 
covered by the karstified Naqb Formation, including the main scarp and extending east towards the 
Nile Valley. 
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FIGURE 1. Simplified geological and geomorphological map of the northeastern plateau of El 
Bahariya Oasis. 
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FIGURE 2. Geological and geomorphological map of Ghorabi Nasser area. 
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FIGURE 3. Sketchprofile of the karstic rocks of Ghorabi inselbergs. 




FIGURE 4. Geological and geomorphological map of El Harra locality. 
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FIGURE 5. Isometric projection of El Harra deposit area. 



16 




FIGURE 6. Crossprofiles along the (N-S) and (E-W) directions of the isometric projection of EI 
Harra area. 
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FIGURE 7. Composite lithostratigraphic profile of the lake sediments of El Harra, deposit area 
and their environmental conditions. 
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FIGURE 8. 



Geometric distribution patterns of the iron oxide, occurring within the lake sediments 
of El Harra deposit area. Type 1 = Isolated concretion with center of botryoidal 
calcite; type 2 = Stratified disconnected concretions or knots distributed along 
horizontal bedding planes; type 3 = Stratified connected concretions concordant 
with the horizonatal bedding planes; type 4 = Repeated stratified layers of coalsecent 
concretions, conformable with the horizontal bedding planes; type 5 = Fractured 
iron concretion of types 1 to 4. The fractures are filled with zoned sparry calcite. 
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FIGURE 9. Geological and geomorphological map of El Gidida mine area (based on the geologic 
map of Basta and Amer, 1969 b, with modifications). 
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FIGURE 10. Exaggerated sketch profile of EI Gidida mine area. 
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PLATE I 

Fig. a: Field view of a karst cone hill of the Naqb Formation at Naqb Ghorabi, showing the 
Cretaceous-Eocene unconformity. The unconformity surface is filled mostly with karst products. 

Fig. b: Polished section (// N, air), of microcellular structure, replaced by oxidized siderite, 
minute pyrite crystals and pyrite framboids (white). The remaining spaces are filled with blocky 
calcite (cc), karst sediments of Naqb Ghorabi. 

Fig. c and d: Two details of the same section as (b) showing the oxidized spindle-shaped siderite 
crystals (Fig. c) and pyrite framboids (Fig. d), cc = calcite. 

Fig. e: Soltuion cavity of the lower horizon of the weathering profile of Ghorabi inselbergs. 
Notice, the development of rotten materials (RM) and ochers (O) along the internal walls of the 
cavity and around collapse breccia (B). 

Fig. f: Polished section (// N, air) of iron pisolites, consisting of concentric laminae of goethite 
(white) and clayey materials (dark grey), qr = mosaic quartz, karst sediments of Ghorabi in- 
selbergs. 

Fig. g: A close up view, showing collapse breccia fragments (CB) cemented by crustified iron ox- 
ides. Oxidized tissues of plant remains (arrows) are encountered within the cement. Intrafragmen- 
tal small cavities are filled with concentric crustified iron oxides (upper left corner of the photo), 
lower horizon of the weathering profile of Gabal Ghorabi. 

Fig. h: Polished section (// N, air) of stromatactis algal filaments, lower horizon of the weathering 
profile of Gabal Ghorabi. 

Fig. i: Polished section (// N, air) of small scale nodules of oxidized siderite crystals cemented by 
blocky calcite (cc), the lower horizon of the weathering profile of Gabal Ghorabi. 
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PLATE II 

Fig. a: Polished section (// N, air) of nodules of colloform goethite (white) cemented by quartz 
(qr), the lower horizon of the weathering profile of Gabal Ghorabi. 

Fig. b: Crustified rhythmic layers of iron oxides and clays deposited around limestone fragment 
(RF), forming cockade structure, the lower horizon of the weathering profile of Gabal Ghorabi. 

Fig. c: Crustified banded ore of the indurated upper horizon of the weathering profile, of Gabal 
Ghorabi. 

Fig. d: Stalactiform calcite (white) growing in the empty spaces between iron crusts, the upper 
horizon of the weathering profile of Ghorabi inselbergs. 

Fig. e: Nodules of calcrete (white) cementing fragments of crustified ore and iron concretion, the 
upper horizon of the weathering profile of Ghorabi inselbergs. 

Fig. f : Polished section (// N, air) of pyrite framboids cemented by calcite (cc), the upper horizon 
of the weathering profile of Gabal Ghorabi. 

Fig. g: Concentric rhythmic layers of ocherous materials (light grey) and indurated colloform 
goethite (dark grey), deposited around altered limestone fragments, Nasser locality. 

Fig. h: A close up view showing the angular unconformity between the Bahariya Formation and 
the overlaying lake sediments. £1 Harra locality. 
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PLATE III 

Fig. a: Field view showing lenticular layers of alunite (white) encountered within the ore of the 
wadi area, El Gidida mine. 

Fig. b: Well rounded corestone, extracted from the iron ores of the wadi area, El Gidida mine. 

Fig. c: Handspecimen of collapse breccia, consisting of silicified nummulitic limestone and ex- 
tracted form the ore of the high central area, El Gidida mine. 

Fig. d: Handspecimen of the crustified banded ore of the high central area, El Gidida mine. 

Fig. e: Polished section (// N, air), showing rhythmic crustification of colloform goethite (go) and 
hematite (he) with organic rich layers (black), cc = calcite, crustified ore of the high central area, 
EI Gidida mine. 

Fig. f: Polished section (// N, air), showing rhythmic bands of earthy goethite (white) arid clays 
(grey), crustified banded ore of the high central area, El Gidida mine 

Fig. g: Polished section (// N, air), showing needle shaped hematite crystals (arrows) growing in 
vuggy structure within colloform goethite (go), cc = calcite, crustified ore of the high central area, 
El Gidida mine. 

Fig. h: Polished section (// N, air) of the ferruginated sandstone of the high central area of El 
Gidida mine. Notice, the shattering of the quartz grains (dark grey). 

Fig. i: Detail of figure h. The cement consists of oxidized framboidal pyrite (white spheres), col- 
loform goethite (white patches), barite (ba), and calcite (cc). Veinlet of new generation of goethite 
is shown in the left part of the photo. 
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